Abstract: A series of 5,8-quinolinedione derivatives containing one or two alkoxy groups was synthesized and characterized by 1 H-and 13 C-NMR, IR and MS spectra. X-ray diffraction was used to investigate the crystal structures of 6-chloro-7-(2-cyjanoethoxy)-5,8-quinolinedione and 6,7-di(2,2,2-trifloroethoxy)-5,8-quinolinedione. All studied compounds were tested in vitro for their antiproliferative activity against three human cancer cell lines and human normal fibroblasts. Most of the compounds showed higher cytotoxicity than the starting compound, 6,7-dichloro-5,8-quinolinedione, and cisplatin, which was used as a reference agent.
Introduction
Cancer diseases are nowadays one of the most important health problems in the world. According to a World Health Organization report published in 2012, more than 14.1 million new cancer cases were diagnosed and about 8.2 million cancer-related deaths were recorded. The increase in cancer incidents is most likely associated with aging of population and unhealthy lifestyle including physical inactivity, smoking and poor diet.
Antibiotics containing the 5,8-quinolinedione moiety, like Streptonigrin, Lavendamycin and Steptonigrone, are known for their high anticancer, antibacterial, and antiviral activities ( Figure 1 ) [2] [3] [4] .
In the 1970s, the anticancer activity of the Streptonigrin against leukemia cell lines was recognized to be one of great interest to researchers. However, because of its toxic side effects, a clinical trial was ended in 1977 [5, 6] The structure-activity relationship of 5,8-quinolinedione antibiotics have been studied over the years. The research has shown that the most important part of the molecule is the 5,8-quinolinedione moiety, which is responsible for inhibiting DNA and RNA synthesis, and interfering with topoisomerase II action.
Moreover, 5,8-quinolinedione can be reduced by nicotinamide adenine dinucleotide phosphate(NAD(P)H) as a cofactor to form semiquinone or hydroquinone intermediates [7] [8] [9] [10] . There are many reports on the synthesis and biological activity of the amine derivatives of 5,8-quinolinedione, whereas studies on the alkoxy analogues are rather scarce in the literature [9, 15] .
In the present work, we report the synthesis of mono-and disubstituted alkoxy derivatives of 5,8-quinolinedione and the structural characterization of some alkoxy compounds. All newly synthesized compounds were tested for cytotoxic activity against cancer cell lines such as human melanoma (C-32), glioblastoma (SNB- 19) , and breast cancer (MDA-MB-231) as well as normal fibroblasts (HFF-1) in order to obtain more information about the influence of one or two alkoxy groups on the anticancer activity of the compounds under study.
Results and Discussion

Chemistry
The starting compound, 6,7-dichloro-5,8-quinolinedione 1, was obtained from 8-hydroxyquinoline. The chemical structure of 1 was determined using the proton nuclear magnetic resonance ( 1 H-NMR), the carbon nuclear magnetic resonance ( 13 C-NMR) and the infrared spectroscopy (IR). The band assignment of the spectra was done using literature data [16] .
As was previously described by Jastrzębska et al. [17] , reaction of compound 1 with an amine group carried out in tetrahydrofuran (THF) and in the presence of potassium carbonate, gives two isomeric products. The major product of this is a compound containing an amino substituent at the 7 position [17] . In this study, the alkoxy derivatives of 5,8-quinolinedione were prepared using the same reaction conditions. The reactions of 6,7-dichloro-5,8-quinolinedione 1 with alcohols were performed in tetrahydrofuran in the presence of potassium carbonate giving products 2-9 (Scheme 1). After purification by column chromatography, derivatives 2-9 were obtained with yields of 53%-88%. Structures of all new compounds were confirmed based on 1 H-, 13 C-NMR, IR, electron ionization mass spectrometry (EI-MS) and high-resolution mass spectrometry (HR MS) methods. There are many reports on the synthesis and biological activity of the amine derivatives of 5,8-quinolinedione, whereas studies on the alkoxy analogues are rather scarce in the literature [9, 15] .
In the present work, we report the synthesis of mono-and disubstituted alkoxy derivatives of 5,8-quinolinedione and the structural characterization of some alkoxy compounds. All newly synthesized compounds were tested for cytotoxic activity against cancer cell lines such as human melanoma (C-32), glioblastoma (SNB-19), and breast cancer (MDA-MB-231) as well as normal fibroblasts (HFF-1) in order to obtain more information about the influence of one or two alkoxy groups on the anticancer activity of the compounds under study.
Results and Discussion
Chemistry
As was previously described by Jastrzębska et al. [17] , reaction of compound 1 with an amine group carried out in tetrahydrofuran (THF) and in the presence of potassium carbonate, gives two isomeric products. The major product of this is a compound containing an amino substituent at the 7 position [17] . In this study, the alkoxy derivatives of 5,8-quinolinedione were prepared using the same reaction conditions. The reactions of 6,7-dichloro-5,8-quinolinedione 1 with alcohols were performed in tetrahydrofuran in the presence of potassium carbonate giving products 2-9 (Scheme 1). After purification by column chromatography, derivatives 2-9 were obtained with yields of 53%-88%. Structures of all new compounds were confirmed based on 1 H-, 13 C-NMR, IR, electron ionization mass spectrometry (EI-MS) and high-resolution mass spectrometry (HR MS) methods.
In order to confirm the regioselectivity of the substitution reaction, 13 C-NMR spectroscopy and X-ray diffraction analyses were performed. According to literature data [16] , the 13 C-NMR spectra of aliphatic amine derivatives show low intensity signals of C7, C6 and C8 atoms for the 6-substituted isomer, while those of C5, C6 and C7 atoms are of low intensity for the 7-substituted derivative. Therefore, the signal intensity of C5 and C8 atoms should be different depending on the position of the substituent. For the described products 2-9, the signal of the C5 atom is of lower intensity than the signal of C8 atom. Therefore, it has been found that the compounds 2-9 contain the alkoxy group at the 7 position. Moreover, the X-ray diffraction analysis confirmed that 7 is a 7-substituted derivative.
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In our work, dimethyl sulfoxide (DMSO) was used as a solvent in order to obtain 6,7-dialkoxy derivatives. Treatment of 6,7-dichloro-5,8-quinolinedione 1 with alcohols in DMSO in the presence of potassium carbonate gave 6,7-disubstituted products 10-18 with the good yields (Scheme 2).
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Formation of the disubstituted products in this reaction can be explained by the influence of the solvent on the alcohol nucleophilicity. In the presence of the dimethyl sulfoxide, the DMSO-alcohol complex can be formed via the hydrogen bond (Scheme 3) [20, 21] . Formation of the H-bond leads to an increase in the nucleophilic character of the alcohol molecule, enabling the substitution of two chlorine atoms into the 5,8-quinolinedione moiety. In tetrahydrofuran, the interaction between solvent and alcohol molecule does not occur, giving the monoalkoxy derivative as the product of the reaction. Structures of all new compounds 10-18 were confirmed by 1 H-, 13 C-NMR, IR and MS spectra. In addition, the crystal structure of the derivative 15 was determined by the X-ray diffraction analysis.
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Crystal Structure
X-ray diffraction analysis was performed for monocrystals of the following compounds: 6-chloro-7-cyanoethoxy-5,8-quinolinedione 7 and 6,7-di(2,2,2-trifluoroethoxy)-5,8-quinolinedione 15. the interaction between solvent and alcohol molecule does not occur, giving the monoalkoxy derivative as the product of the reaction.
X-ray diffraction analysis was performed for monocrystals of the following compounds: 6-chloro-7-cyanoethoxy-5,8-quinolinedione 7 and 6,7-di(2,2,2-trifluoroethoxy)-5,8-quinolinedione 15. Both crystals were grown from dichloromethane. Figure 2 presents the molecular structure and atom numbering of the crystals. The derivatives 7 and 15 were crystallized in different monoclinic space groups, C 2/c and P2 1 /n, respectively. The unit cell of 7 contains eight molecules (Table S1 ). The angle between mean planes of rings and the 2-cyanoethoxy chain O3-C9-C10 is equal to 33.36°, while a similar angle in the crystal structures of 6-(7-chloro-6-(4-methoxyphenyl)-5,8-quinolinedione [15] , 6-chloro-7-propylamine -5,8-quinolinedione, and 7-chloro-6-propylamine-5,8-quinolinedione [17] were equal to 82.03°, 89.77°, and 81.79°, respectively. This significant difference results from the various molecular packing that occurs in these crystals. As shown in Figure 3 , molecules of 7 are connected by weak hydrogen bonds, which form the "ring" pattern. The 5,8-quinolinedione moiety is located inside the ring, whereas the substituent chain is arranged outside of the ring. All parameters of the hydrogen bonds are shown in Table S3 . Moreover, the neighboring rings are linked by the following hydrogen bonds: C9-H9B···N2 and C10-H10B···N1 ( Figure S1 , Table S3 ). Both interactions have a highly bent geometry, which does not really correspond to a significant hydrogen bond interaction. According to the literature data [17, 22] , the hydrogen bonds character decreases with a decreasing <DHA angle.
The unit cell of 15 contains four molecules (Table S1 ). The molecules form an infinite spiral along the "b" axis, as shown in Figure 4 . The angles between the mean planes of rings and the 2,2,2-trifluoroethoxy chain at positions C-7 (O31C91C101) and C-6 (O32C92C102) are equal to 14.37° The unit cell of 7 contains eight molecules (Table S1 ). The angle between mean planes of rings and the 2-cyanoethoxy chain O3-C9-C10 is equal to 33.36˝, while a similar angle in the crystal structures of 6-(7-chloro-6-(4-methoxyphenyl)-5,8-quinolinedione [15] , 6-chloro-7-propylamine -5,8-quinolinedione, and 7-chloro-6-propylamine-5,8-quinolinedione [17] were equal to 82.03˝, 89.77˝, and 81.79˝, respectively. This significant difference results from the various molecular packing that occurs in these crystals. As shown in Figure 3 , molecules of 7 are connected by weak hydrogen bonds, which form the "ring" pattern. The 5,8-quinolinedione moiety is located inside the ring, whereas the substituent chain is arranged outside of the ring. All parameters of the hydrogen bonds are shown in Table S3 . The unit cell of 7 contains eight molecules (Table S1 ). The angle between mean planes of rings and the 2-cyanoethoxy chain O3-C9-C10 is equal to 33.36°, while a similar angle in the crystal structures of 6-(7-chloro-6-(4-methoxyphenyl)-5,8-quinolinedione [15] , 6-chloro-7-propylamine -5,8-quinolinedione, and 7-chloro-6-propylamine-5,8-quinolinedione [17] were equal to 82.03°, 89.77°, and 81.79°, respectively. This significant difference results from the various molecular packing that occurs in these crystals. As shown in Figure 3 , molecules of 7 are connected by weak hydrogen bonds, which form the "ring" pattern. The 5,8-quinolinedione moiety is located inside the ring, whereas the substituent chain is arranged outside of the ring. All parameters of the hydrogen bonds are shown in Table S3 . Moreover, the neighboring rings are linked by the following hydrogen bonds: C9-H9B···N2 and C10-H10B···N1 ( Figure S1 , Table S3 ). Both interactions have a highly bent geometry, which does not really correspond to a significant hydrogen bond interaction. According to the literature data [17, 22] , the hydrogen bonds character decreases with a decreasing <DHA angle.
The unit cell of 15 contains four molecules (Table S1 ). The molecules form an infinite spiral along the "b" axis, as shown in Figure 4 . The angles between the mean planes of rings and the 2,2,2-trifluoroethoxy chain at positions C-7 (O31C91C101) and C-6 (O32C92C102) are equal to 14.37° Moreover, the neighboring rings are linked by the following hydrogen bonds: C9-H9B¨¨¨N2 and C10-H10B¨¨¨N1 ( Figure S1 , Table S3 ). Both interactions have a highly bent geometry, which does not really correspond to a significant hydrogen bond interaction. According to the literature data [17, 22] , the hydrogen bonds character decreases with a decreasing <DHA angle.
The unit cell of 15 contains four molecules (Table S1 ). The molecules form an infinite spiral along the "b" axis, as shown in Figure 4 . The angles between the mean planes of rings and the 2,2,2-trifluoroethoxy chain at positions C-7 (O31C91C101) and C-6 (O32C92C102) are equal to 14.37a nd 56.16˝, respectively.
The crystal structure of 6,7-di(2,2,2-trifluoro)-5,8-quinolinedione 15 is stabilized by the intra-and inter-unit hydrogen bonds, which are formed between the C-H groups as H-bond donors (D) and N, O or fluorine atoms as H-bond acceptors (A) ( Table S3 ). The C-H¨¨¨O, C-H¨¨¨N and C-H¨¨¨F hydrogen bonds are moderately strong, as their H¨¨¨A distances cover the range of 2.35-2.64 Å ( Figure S2 ) [22] . 
Cytotoxic Activity
The antiproliferative activities in vitro of the new compounds 2-18 and for 6,7-dichloro-5,8-quinolinedione 1 were tested against the three human cancer lines: melanoma (C-32), glioblastoma (SNB-19), and breast cancer (MDA-MB-231), as well as normal fibroblasts cell lines (HFF-1) using the WST-1 test. The IC50 parameter (µM), defined as the compound concentration that inhibits the proliferation of 50% of tumor cells as compared to the control untreated cells, was used to characterize all cytotoxic activities under study. As a reference, the cytotoxic agent cisplatin was applied. The results of the cytotoxicity analysis are collected in Table 1 . 
The antiproliferative activities in vitro of the new compounds 2-18 and for 6,7-dichloro-5,8-quinolinedione 1 were tested against the three human cancer lines: melanoma (C-32), glioblastoma (SNB-19), and breast cancer (MDA-MB-231), as well as normal fibroblasts cell lines (HFF-1) using the WST-1 test. The IC 50 parameter (µM), defined as the compound concentration that inhibits the proliferation of 50% of tumor cells as compared to the control untreated cells, was used to characterize all cytotoxic activities under study. As a reference, the cytotoxic agent cisplatin was applied. The results of the cytotoxicity analysis are collected in Table 1 .
As shown in Table 1 , the introduction of the alkoxy group at the C7 and/or C6 position leads to changes in the antiproliferative activity against the tested cancer lines compared to 6,7-dichloro-5,8-quinolinedione 1. The series of the 7-subtsituted derivatives 2-9, except for compound 7, exhibits a high activity against melanoma (C-32) cancer cell lines. Moreover, compounds 4-5 and 8-9 show higher activity than cisplatin. Compound 9 exhibits a selective effect for the C-32 lines with the IC 50 value being twenty-five and twenty times higher than those for 6,7-dichloro-5,8-quinolinedione 1 and cisplatin, respectively. In the series of monosubstituted derivatives 2-9, 6-chloro-7-methoxy-5,8-quinolinedione 2 shows the highest cytotoxic activity against the human breast cancer (MDA-MB-231) cell line and its selectivity index is equal to 18.4. Compound 2 is nearly seventeen times more active than both compound 1 and cisplatin. The introduction of the cyanoethoxy or chloroethoxy substituents to the 5,8-quinolinedione moiety in compounds 5 and 6 leads to a decrease in the cytotoxic activity. The presence of a double bond in the substituent causes an increase in the activity against melanoma cells (C-32). The structure-activity relationship indicates that the rank order of the cytotoxic activity against the glioblastoma (SNB-19) cell line observed in the 7-substituted derivatives 2-5 is as follows: propoxy > ethoxy > methoxy; i.e., it is influenced by the length of the chain substituent.
Comparing the activity of the mono-and disubtituted derivatives, one can notice that the introduction of the two alkoxy groups at the C6 and C7 positions leads to changes in the anticancer activity against tested human cancer lines. For the derivatives 10-18, only compounds 11 and 14 show a higher activity than the monosubstituted derivatives 2-9 with respect to the C-32 cancer line. Derivatives 8 and 17 exhibit very similar cytotoxic effects against both the melanoma (C-32) and glioblastoma (SNB-19) cell lines. Thus, the replacement of the chlorine atom in the cyclohexyloxy group did not change the activity of the compound. Moreover, compound 15 exhibits a selectivity effect against breast cancer (MDA-MB-231) cell line, for which the IC 50 value is equal to 2.7˘0.1 µM. The selectivity index (SI = 4.6) is twenty times higher than that of cisplatin. For derivatives 11-16, the rank order of the anticancer activity against the SNB-19 cell lines is as follows: 13 > 12 > 11 > 10 = 14 > 15 > 16. Similar to the monosubstituted derivatives, the substituent chain length and the double bond lead to an increase in the cytotoxic activity. On the other hand, the halogen atoms and cyano group causes a reduction in the cytotoxicity. 
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Materials and Methods
General Techniques
Melting points were measured on an Electrothermal IA 9300 melting point apparatus. The 1 H-and 13 C-NMR spectra were determined using a Bruker Avance 600 spectrometer (Bruker, Billerica, MA, USA) in CDCl 3 ; chemical shifts (δ) are reported in ppm and J values in Hz. The peak multiplicity is designated as singlet (s), doublet (d), triplet (t), doublet of doublets (dd), doublet of triplets (dt) and multiplet (m). Mass spectra were recorded under EI conditions on a Finnigan MAT 95 instrument (Thermo Fisher Scientific, Waltham, MA, USA). High-resolution mass spectral analysis was performed on a Bruker Impact II instrument (Bruker). Infrared spectra were recorded on a IRAffinity-1 Shimadzu spectrophotometer (Shimadzu Corporation, Kioto, Japan). Thin layer chromatography (TLC) was carried out on silica gel 60 254F plates (Merck, Darmstadt, Germany) using a mixture of chloroform and ethanol (40:1 or 15:1, v/v) as an eluent. The spots were visualized by UV light (254 nm) and iodine. All new compounds were purified by column chromatography. As a solid phase silica gel 60 was used and the eluent was a mixture of chloroform and ethanol (40:1, v/v).
The starting compound, 6,7-dichloro-5,8-quinolinedione 1, was obtained according to methods described previously [16, 17] . M.p. 220-221˝C (lit. m.p. 219-221˝C [16] ; 220-221˝C [17] ).
General Procedure for the Synthesis of 6-Chloro-7-alkoxy-5,8-quinolinedione
The mixture of 6,7-dichloro-5,8-quinolinedione 1 (0.100 g, 0.441 mmol) and potassium carbonate (0.061 g, 0.441 mmol) in dry tetrahydrofuran (1 mL) was added to a solution of alcohol (1.2 eqv., 0.529 mmol) in dry tetrahydrofuran (0.5 mL). Stirring at room temperature was continued for 3-24 h. Subsequently, the reaction mixture was concentrated under reduced pressure. The crude product was purified by column chromatography (chloroform/ethanol, 40:1, v/v) to give pure product 2-9.
